Few studies have investigated the influence of age on the relationships between systemic vascular damage, kidney dysfunction, and intrarenal hemodynamic changes in patients with hypertension without overt cardiovascular disease. The authors enrolled 126 elderly patients with hypertension (aged ≥65 years) and 350 nonelderly patients with hypertension (aged <65 years). Carotid intima-media thickness, renal resistive index, and aortic pulse wave velocity were performed in all patients. Elderly patients with hypertension had lower estimated glomerular filtration rates and higher albuminuria, renal resistive index, carotid intima-media thickness, and aortic pulse wave velocity compared with nonelderly patients with hypertension (P < .001). Carotid intima-media thickness independently correlated with renal resistive index and estimated glomerular filtration rate in nonelderly patients with hypertension, whereas it was significantly related to renal resistive index only in elderly patients with hypertension. Aortic pulse wave velocity was independently associated with albuminuria in nonelderly patients with hypertension, whereas it did not independently correlate with any indexes of renal damage in elderly patients with hypertension. Age is an important modifier of the relationships between renal function and renal hemodynamics with subclinical vascular involvement in elderly persons without cardiovascular disease.
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| INTRODUCTION
Age is a well-known risk factor and a strong predictor of cardiovascular events in the general population.
Several studies have shown that aging leads to enhanced risk at least in part through progressive and gradual development of morphofunctional vascular changes, [1] [2] [3] and this particularly occurs when hypertension, a very common finding in elderly persons, 4, 5 coexists.
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Greater carotid atherosclerotic damage, an expression of systemic vascular impairment, has been found in older individuals than in younger persons in different clinical settings. 7 Moreover, a progressive increase in aortic stiffness, a well-known prognostic marker of subclinical vascular damage in the general population as well as in patients with hypertension, [8] [9] [10] has been widely demonstrated with aging, likely as a result of arterial remodeling and alteration of viscoelastic properties of the vessel wall. 2, [11] [12] [13] On the other hand, renal impairment related to aging has also been suggested to explain the increased cardiovascular risk in elderly patients with hypertension. 14 Several studies showed the close association between age and the decline of renal function. [15] [16] [17] Similarly, intrarenal hemodynamic alterations, assessed by ultrasonographic intraparenchymal renal resistive index (RRI) and related to systemic vascular changes, 18, 19 were correlated with increasing age in previous studies. [20] [21] [22] However, the prognostic contribution to risk stratification of an increased RRI remains to be demonstrated in elderly patients.
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Morphofunctional vascular impairment and kidney damage have been strongly associated but they have different dynamics of progression over time, 2, 3, 15, 21 and it is not known how age could modify this relationship.
The aim of this study was therefore to evaluate, in a group of patients with hypertension without overt cardiovascular disease, the influence of age on the association between indexes of renal damage (glomerular filtration rate, albuminuria, and RRI) and markers of subclinical vascular damage such as carotid intima-media thickness (cIMT) and aortic pulse wave velocity (aPWV), the latter being an expression of arterial stiffness.
| MATERIALS AND METHODS

| Patients
This cross-sectional study includes a total of 476 outpatients with hypertension aged between 30 and 90 years. This population was selected from white patients with essential hypertension consecutively attending our nephrology and hypertension unit. All patients had been referred to our institution by their general practitioners for specialist advice. In agreement with more recent European Society of Hypertension guidelines, hypertension was defined as a blood pressure ≥140/90 mm Hg or treatment with antihypertensive drugs.
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The exclusion criteria were:
• Severe obesity, defined as a body mass index ≥40 kg/m 2 .
• Renovascular, malignant, or endocrine hypertension as described elsewhere. [25] [26] [27] • Stenosis of renal arteries as assessed with Doppler ultrasound criteria.
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• Rapid deterioration of renal function, defined as an increased serum creatinine >1.5 times baseline.
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• Estimated glomerular filtration rate (eGFR) <15 mL/min per 1.73 m 2 or renal replacement therapy (in patients with transplant or dialysis).
• Previous carotid percutaneous angioplasty or endarterectomy.
• Heart failure (New York Heart Association class III or IV)
• Permanent atrial fibrillation or heart rate >100 beats per minute or <50 beats per minute. 
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• Previous or current coronary or cerebrovascular events.
• Major noncardiovascular diseases (liver cirrhosis, chronic obstructive lung disease, and anamnestic presence of neoplasms).
Endocrine hypertension and renovascular hypertension were ruled out by clinical examination, by duplex-Doppler assessment of intrarenal and extraparenchymal renal arteries, and by laboratory determination of serum electrolytes, plasma renin activity, and plasma aldosterone concentration; when appropriate, plasma catecholamine level was determined and renoscintigraphy was performed.
Written informed consent was obtained from each patient. The study protocol conformed to the ethical guidelines of the Declaration of Helsinki and was approved by the local review board.
| Clinical and laboratory evaluation
Clinical history and physical examination were performed in all patients.
Participants who reported smoking cigarettes regularly during the past year were considered current smokers. Moreover, aortic stiffness was determined by measuring aPWV, and B-mode and Doppler ultrasonographic examinations of both carotid and renal vasculature were performed in all patients to assess cIMT and RRI.
| Aortic pulse wave velocity
Arterial stiffness was assessed using the operator-independent, noninvasive Arteriograph system (Tensiomed Kft.), which was previously validated. Jug/Sy(m) is the distance between the jugulum (sternal notch) and the pubic symphysis, and RT is the sum of the forward and the backward transit time. 31 An aPWV value ≥10 m/s was chosen to identify patients with prognostic validated alterations of aortic elastic properties, as previously described.
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| Renal ultrasonography
The intrarenal color duplex ultrasonography was performed with a GE for RRI was chosen to identify patients with an increased prevalence of hypertensive target organ damage and a faster progression of renal diseases, as described elsewhere. 
| Carotid ultrasonography
The carotid ultrasonographic investigation was performed with a GE Logiq P5-PRO instrument by a 10-MHz linear-array transducer for the measurements, operating at 5 MHz for Doppler analysis.
cIMT was defined as the distance between the vascular lumenintima interface and the media-adventitia transition, and we used the overall average cIMT value of six measurements obtained for each side. We considered plaques those focal structures encroaching into the arterial lumen of at least 0.5 mm or 50% of the surrounding cIMT value, or demonstrating a cIMT >1.5 mm. 33 In correspondence of a carotid plaque, cIMT measurement was not obtained and was shifted proximally on the plaque-free site. The executing technique and the cutoff values (cIMT >0.90 mm) were previously described. 34 Systemic vascular damage (SVD) was defined as the presence of at least one of either cIMT >0.9 mm or carotid plaques or aPWV ≥10 m/s.
| Statistical analysis
The study was planned to have a sample size of at least 120 patients in the elderly group. These figures were calculated on the basis of a previous pilot investigation on the same topic by our group. 35 We hypothesized that we would find correlation coefficients relating eGFR with both cIMT and aPWV of at least 0.250. Thus, it was estimated that the study would have a power of >80% to detect the expected results (with α < 0.05).
Statistical analysis was initially performed in the whole study population, and it was subsequently performed in two groups: patients In all multiple regression analyses, a backward stepwise procedure was used, with α=0.15 as the cutoff for entry or removal of variables. Collinearity was assessed by calculating the variance inflation factor (VIF): variables with VIF ≥2 were excluded from the models.
The null hypothesis was rejected at a two-tailed P value ≤.05.
The statistical analyses were performed using the IBM SPSS Statistics software package, version 22 for Macintosh.
| RESULTS
The main clinic and demographic characteristics of the entire study population and of the two groups (EH and NEH) are summarized in Table 1 .
The percentages of patients treated with cardiovascular drugs are presented in Table S1 . Patients treated with angiotensin-converting enzyme inhibitors and calcium antagonists had higher values of RRI and cIMT, and those treated with β-blockers had greater RRI, when compared with patients not treated with these drugs (all P < .05). No difference was detected between patients treated or not treated with other cardiovascular drugs concerning the effect on vascular and kidney damage.
EH had higher values of cIMT and PWV compared with NEH (all P < .001). Similarly, significantly lower eGFR and higher albuminuria and RRI were observed in the EH group compared with the NEH group (all P < .001) ( Table 1) . analysis of covariance (<0.001). Moreover, the percentages of kidney damage (defined as eGFR <60 mL/min per In the whole population, findings from two-way analysis of variance showed a significant effect of age (F = 89.3; P < .001) and SVD (F = 21.9; P < .001) on eGFR. The analysis of the interaction term "age × SVD" revealed a significant effect of age on the association between SVD and eGFR, both before (F = 44.7; P < .001) and after adjustment for systolic blood pressure, diastolic blood pressure, body mass index, and diabetes mellitus (F = 32.9; P < .001).
Main univariate correlations in the overall study population and in the groups of NEH and EH are reported in Table 2 . Age significantly correlated with eGFR, albuminuria, RRI, cIMT, and aPWV in the entire study population (all P < .001), and similar results were obtained in the two subgroups divided by age. In the EH group, as well as in the NEH group, cIMT was strongly associated with eGFR and RRI (P < .01)
but not with albuminuria. In contrast, aPWV significantly correlated with all indexes of renal damage (eGFR and albuminuria: P < .001; RRI: P < .01) in the NEH group, whereas it showed significant association only with eGFR in the EH group (P < .001). Complete lists of the univariate correlations in the NEH and EH groups are shown in Tables   S2 and S3 . Abbreviations: aPWV, aortic pulse wave velocity; BMI, body mass index; cIMT, carotid intima-media thickness; eGFR, estimated glomerular filtration rate; EH, elderly patients with hypertension; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NEH, nonelderly patients with hypertension; NS, not significant (P ≥ .05); RRI, renal resistive index.
T A B L E 1 Demographic and clinic data of overall study population and of two groups of NEH and EH
The association between age and eGFR, as well as the association between age with cIMT and aPWV, remained statistically significant even after adjustment for various confounding factors at stepwise multiple linear regression analysis performed in the whole population (all P < .001) (Table S4) . When a further multivariate model was performed without eGFR and albuminuria among the covariates, age significantly correlated with RRI (β = 0.098; P = .018).
Further multivariate models were also built in the entire study population considering alternatively cIMT or aPWV as an outcome variable, and similar statistical analyses were performed in the NEH and EH groups.
The cIMT independently correlated with RRI and eGFR in the NEH group, whereas it was significantly related only to RRI in the EH group (Table 3) .
On the contrary, the aPWV was independently associated with albuminuria in the NEH group, whereas it did not independently correlate with any indexes of renal damage in the EH group (Table 4) .
| DISCUSSION
Our findings suggest that age might represent an important modifier of the relationships between renal dysfunction and hemodynamics (eGFR, albuminuria, and RRI) with markers of systemic vascular involvement (cIMT and aPWV) in patients with essential hypertension with no cardiovascular events. These results also seem to imply that the search for vascular organ damage in older patients with chronic kidney disease might be less important than in younger patients.
Previous studies have shown a strong association between age and subclinical atherosclerotic damage, 7, 36 and many authors observed increased arterial stiffness with aging 2,10 caused by impaired collagen/elastin ratio of the vessel wall and subsequent reduced vascular elasticity.
2 Similarly, the association between age and eGFR (or albuminuria) was previously demonstrated, 15, 16 and our results are in line with these evidences. Tedesco and colleagues 37 also observed that RRI significantly increased with age in 566 patients with hypertension with preserved kidney function, and other authors reached similar conclusions in different clinical subsets.
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In our study, SVD independently correlated with eGFR, albuminuria, and RRI in the entire study population, regardless of age. A close association between renal impairment with vascular damage has been observed in previous studies. [38] [39] [40] In MESA (Multi-Ethnic Study of Atherosclerosis),
cIMT was highly correlated with eGFR, 41 and similar results were also reported in patients with proteinuria without severely reduced eGFR.
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F I G U R E Percentage of patients with renal (A) and vascular (B) damage in the two groups of nonelderly patients with hypertension (NEH) and elderly patients with hypertension (EH)
However, when we divided the population based on age, cIMT independently correlated with eGFR and RRI in the NEH group, whereas only the relationship with RRI held significance in the EH group. aPWV was significantly associated with albuminuria in the NEH group, and its association with RRI was near to borderline statistical significance (P = .056) in these patients. In contrast, none of the indexes of renal damage independently related with aPWV in the EH group.
No study is underway to clarify why the relationship between vascular changes and kidney damage could be modified by age; however, some hypotheses can be proposed. Moreover, the influence of multiple extrarenal and extravascular factors in determining eGFR and albuminuria is lower in middle-aged patients compared with elderly patients, 43 and this might present a bias for evaluation of renal function in the latter group. In several studies, the calculation of glomerular filtration rate by the Chronic Kidney Disease Epidemiology Collaboration equation showed a greater margin of error in the elderly. [43] [44] [45] In our study, only RRI was independently associated with cIMT in elderly patients with hypertension. It seems to relate to vascular damage better than eGFR or albuminuria, and this would further confirm that RRI not only detects derangement of intrarenal circulation but may also be considered as a sensor of systemic vascular changes, T A B L E 2 Main univariate correlations in the overall study population (A) and in the two groups of NEH (B) and EH (C)
independently of level of renal function. 13, 31 We previously demonstrated in 463 patients with hypertension that RRI, cIMT, and aPWV were strongly associated, even if the relationship of RRI with aPWV was lost after adjustment for clinic pulse pressure. However, the influence of age on these relationships was not evaluated.
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On the other hand, it is possible that in elderly patients, RRI could reflect the worsening of renal damage more accurately, or more precociously, compared with traditional indexes of kidney function, perhaps because it is less influenced by factors that affect eGFR or albuminuria.
The above-mentioned hypotheses are not mutually exclusive, and all together might explain the role of age on the complex link between SVD and renal damage. It is noteworthy that in our study a significant effect of diabetes mellitus (or serum glucose) on systemic vascular changes was documented only in NEH. The lack of this association in the overall population and in EH may be caused by the prevailing impact of variables, such as albuminuria or RRI, that are strongly related to diabetes mellitus and that may be considered expressions of vascular complications of diabetes mellitus.
| CONCLUSIONS
The conclusions of this study need to be interpreted in the context of its limitations. First, the cross-sectional design of the study does not allow us to establish a causality relationship and does not permit us to compare variations of vascular and renal parameters over time.
Second, the use of eGFR based on a single assay of serum creatinine reduces the accuracy on the assessment of "true" renal function.
Moreover, the limited number of patients with low glomerular filtration rate cannot allow us to exclude that the relationship between SVD and renal damage might also exist in EH with a greater impairment of renal function. Therefore, further studies are needed to better clarify the results of our investigation.
T A B L E 3 Independent multivariate correlates of cIMT in the overall study population (A) and in NEH (B) and EH (C) See text for further explanation of the multivariate models. Abbreviations: aPWV, aortic pulse wave velocity; EH, elderly patients with hypertension; LDL-C, low-density lipoprotein cholesterol; NEH, nonelderly patients with hypertension.
